Description of the shelfbreak front in the Middle Atlantic Bight is hampered by the extreme variability of the front. In order to gain insight into both the seasonal variability and regional variations in the mean frontal structure and associated baroclinic jet, historical data are used to produce twodimensional climatological fields of temperature and salinity for the region south of Nantucket shoals, along the south flank of Georges Bank, and off the coast of New Jersey. 
Depth bin averaging, using a simple procedure, creates a single two-dimensional cross-shelf transect of properties based On hydrocasts from a three-dimensional ocean volume. First, the NODC data were extr.acted in bimonthly groups from HydroBase for the study region [Curry, 1996] . Next, an average bathymetric profile aligned perpendicular to the local isobaths was computed for the region based on ETOPO5 bathymetry data. Then; a set of depth bins in which to segregate the casts was selected.
The number and size of the bins were chosen based on the total number of casts per bin and the cross-shelf spacing of the bins. This resulted in a small number of widely spaced bins over the shelf and a concentration of bins near the shelfbreak. This selection allowed for peak cross-shelf resolution near the shelfbreak, where the strongest gradients typically occur. After selecting the bins, the data were sorted into the bins based on their echo sounder depth values. Casts without echo sounder depths (roughly 16% for NS) were discarded. Then, the data were segregated further into vertical bins, 10 m over the shelf and 50 m in the deep slope waters. An arithmetic mean of each vertical bin was then computed. Finally, the mean data were transformed to a cross-shelf distance versus depth profile by assigning a cross-shelf distance to each depth bin. The cross-shelf distances in this climatology were found by linearly interpolating the average bathymetric profile and are all measured in km from the 100-m isobath, with positive distance denoting the offshore direction. Figure 3 shows the location of the averaged points for NS, clearly illustrating the concentration of bins near the shelfbreak (four cross-shelf grid points within 20 kin). Figure 4 shows the crossshelf distribution of stations for each seasonal period and echo sounder depth bin, revealing the high number of stations in the shelfbreak bins. The station density is relatively constant seasonally and spatially, although sampling increased slightly during the summer months. The depth bin method allows a large number of data points to be included (across three degrees of longitude for NS).
There is a potential bias using this method if stations within a depth bin are systematically located at one edge of the bin. Therefore, at an early stage of the processing, the spatial distribution of the stations was examined to determine whether or not the distribution of stations was affected by repeated sampling at specific positions or along particular isobaths. The station positions were not clustered or otherwise distributed in a manner to suggest that such biases were present within the data set.
The geostrophic velocity calculations presented here have been computed from statically stable density fields. The fields were calculated using the UNESCO 1983 polynomial [Fofonoff and Millard, 1983] . In the cases where hydrostatic instabilities existed in the raw density, the two vertical data points were replaced by the mean of the two points, weighted by the volume of the vertical bin. Multiple iterations were performed until the fields achieved stability. Usually no more than two iterations were required.
The geostrophic velocities were computed by integrating the thermal wind relation upward from a level of no motion at the bottom.
A near-bottom current was used instead of the default zero-bottom velocity for the winter (February-March) and summer (AugustSeptember) NS fields. the bimonthly time periods, a zero velocity was used at the bottom for all time periods.
Nantucket Shoals Thermohaline and Density Fields
We will now present the thermohaline and density fields for the NS region and compare them with the Wright [1976] climatology and some of the synoptic studies which have appeared previously. The temperature, salinity, and density fields by bimonthly period appear in Figures 6a, 6b , and 6c. Bold contours indicate the nominal frontal boundary chosen in previous works: the 10øC isotherm [Wright, 1976] , the 34.5 isohaline [Beardsley and Flagg, 1976] , and the eft=26.5 kg m -3 isopycnal.
The temperature fields exhibit the greatest seasonal variability because the shallow shelf waters are strongly affected by the seasonal cycle of insolation. During the winter months, the temperature over the shelf becomes nearly homogeneous, presumably due to enhanced vertical mixing caused by storm activity and convective overturning at the surface [Beardsley and Flagg, 1976] . Comparisons for the summer (Figure 11 ) show even better similarity in cross-shelf structure between the climatology and a synoptic section from SEEP I at both the surface and middepth.
Thus, as anticipated, the thermohaline fields evolve seasonally in a manner consistent with previous descriptions of the shelf and slope. Let us now concentrate on the seasonal evolution of the frontal position.
Seasonal Progression
We will now present the evolution of the shelfbreak front as it is defined by the 34. 
Geostrophic Velocity Structure and Associated Transports
Using the density field described in section 2, we The maximum jet velocity is weaker in the GB and NJ regions (see Table 2 ). The GB maximum jet velocity, averaged over the six time periods, is 0.15 m s -t to the west. During December-January, the jet is at its peak strength of 0.23 m s -t. The jet strength reaches a minimum of 0.07 m s-t during August-September. The NJ maximum jet velocity averaged over the six time periods is comparable to GB.
The offshore position of the jet core varies seasonally in all three regions, migrating onshore through the spring and summer with a large offshore translation between late fall and winter. The NS jet core ranges from between 12 km offshore (December-January) to 3 km It is a distinct possibility that the large transports within the streamers result from an offshore diversion of the frontal jet, as forced by the proximity of a warm-core ring. Further work is necessary to clarify this issue; however, Schlitz has shown that much of the water within the streamers appears from the frontal region, which is consistent with this speculation.
The cross-frontal distribution of potential vorticity in the surface layer shows quite clearly that there is a local maximum associated with the surface expression of the jet. Near the maximum, the sign of the potential vorticity gradient reverses, which is a necessary condition for instability. Thus the climatological mean frontal state allows for the possibility of instabilities.
Finally, it is interesting to note that the strongest cross-shelf density gradients occur near the foot of the front. This leads to large vertical velocity shear near the foot of the front and, in the NS region, a jet which is located relatively close to the shelfbreak, as opposed to the location of the surface outcrop of the front. This is interesting in that it confirms the dynamical importance of the foot of the front, as Gawarkiewicz and Chap-man [1992] suggested in an idealized numerical modelling study. Subsequent work by Chapman and Lentz [1994, 1997] has shown how thermal wind shear within the bottom boundary layer may act to inhibit the offshore flow of water carried within the bottom boundary layer. This climatology strongly suggests that the crossfrontal density gradients near the foot of the front are strong enough to allow the thermal wind shear to affect the offshore transport within the bottom boundary layer.
Conclusions
Using historical hydrographical data which we have collapsed onto two-dimensional cross-shelf sections, we have investigated the seasonal evolution of the shelfbreak front and its associated frontal jet. Typical velocity scales which emerge from this study are 0. Much of the vertical velocity shear in the core of the jet is concentrated near the foot of the front, where the cross-shelf density gradients are the greatest. In the Nantucket Shoals region, the mean annual position of the core of the jet is 5 km seaward of the 100-m isobath, with a seasonal drift of 15 km.
Much more work is necessary to clarify the structure and dynamics of the front.
